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(54) Title: ORGANIC ELECTROLUMINESCENT DEVICE 
(54) S&E(D«I*: *«XU£ hP^S^y^VXi^ 

(57) Abstract: Disclosed is an organic electroluminescent device wherein an organic thin film layer is interposed between a cath- 
ode and an anode which organic thin film layer is composed of one or more layers including a phosphorescent light-emitting layer 
containing at least a host material and a phosphorescent organic metal complex. The total of the mass concentrations of halogen 
elements, namely bromine, iodine and chlorine contained as impurities in the host material constituting the light-emitting layer is 
not more than 50 ppm. This organic electroluminescent device has high luminance, high luminous efficiency and long life. 
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[oooi] *mmn. K>^m^(Dmmnmm^m^^m^^vri;v^y^>^m^ 

[0002] mm^^hn/P^y±^m^ (UT^?hv/ls^y±>7\&ELtVfen&1-%Z-k 

#^EL*^-(D$g^(C.W. Tang, S.A. Vanslyke, T^-fK^vV^*^— X 
(Applied Physics Letters),51# N 913S, 1987^0 ^&£*VCJ^5f$, 

mmmtir^m^m^mir^mwmMcn^tix\^ 0 Tang^ bv* 
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[ooo3] jfi^, ^m^m^mytm ^ wM^n^mK^m^^mm^nm-r^ 
^(Dx^KmmKi.m^(Dm^m^\^x,mm^^mm(Dmm^m(Dimm^ 

L&V^5&-JiK#:. !E?L#i^S, *$S3§3fc«. m^-fti^S CE?LP.Bjk/g) , m 

mnhfr\z.isfox\^£\^mxt£<^ mmmKmmir^mhm^tix^m^fc 

o 

mmmimvxfeftbmR&ftx&b~f7Fwxfo% 0 #t^cm4^»M 
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[0004] £bK. #f^Cifc4^te, ^m^<D^mmn. OgAro^TC^f^lOOOOppmW 
h^77>r— ^£999. 9%&L±bfmVX^^^^tmiWk&0. l%(1000ppm)<D 

xc m Mir z&M£umi-T*%>z>z. t a , mmmxitmmm^^b^ 

%J^T(f3:#5000ppmJ2ATfcfH^)~0. l®i%^T((5f^l000ppm^T^S 

mxh^m^mm^-r^m^m^mm^thx^^o ^mm 
jvi?v^m^^ir%^ti^m%mfevx^^bfem^-f. m<Dm.mmmtt 

[0005] £fc. ^^»f«^v^hoM%ty^g^(D^ Si5l3te3&*ds«# 
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w^i^^ti^ "t^x\ 'o^m^m^x^m^m^m^Kit-<x^ 

[0006] #ff Jem : #5fi¥8-239655^-<kfg 
#f^JCiSfe2:#|fi^7-138561^|g 
#ff^Cm3 : #frf§3290432^£f& 
#I^JCm4: #|g2002-373785^|B 
#IfJcm5:#||2002-373786^$6 
#fF ^ClS^6 : #H 2003-22 1484^16 

##f^^Cft^l :D.F. O'Brien and M.A.Baldo et al "Improved energy transferin 
electrophosphorescent devices" Applied Physics letters Vol. 74 No. 3, pp442~444, 
January 18, 1999 

#^#f^^Cftfe2: M.A.Baldo et al "Very high- efflciencygreen organic light-emitting 
devices based on electrophosphorescence" Applied Physics letters Vol.75 No.l, 
pp4-6, July 5, 1999 

##f^m3:^ flJ^V^°W9 M ^-15H(1995) 
J¥¥FffJcm:JfcmVom, Jg66#02-^114H(1997) 

[0007] ^mw ts, Mm<Dwm&Mikirz>fz.ib K^ntch<DX\ &%mmRTmyt®& 
[ooos] ^nsw^&rau mm n m^mm-^t-^ \z&Mmt*mxit&^ 
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mm^mu mm^^^-mm^m (icp-ms^w) zm^^-mmrnxfe 

[0009] irtefrib^mWfe. 

mmtmmm ^>&< t^^vmmm^%m%^m^mmw-^^x^ 

MlEL*^\ 

^ti^m(D^u^^mmmmm^30ppm&srxh^>mmBi.mi L . 

^zfy^-mm^ (icp-ms^w ) xttmrnrnfem^xm^nxtezm 

icp-MsfrffixfemmmmmizxmmznxtettmwtvxcDMm, 
Rxi^m^^n^^mMMm&^tfm^nppb—Bppmxh^Ayytmyt^ 
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mmtmmm \cj?t£< th*x m^Rm/u^tm^^m^mmi^^^xn^ 
[0010] ^mm<DiimELm^-fe, m^tmi^^ti^mmtL-xcD^u^^mMMm 

[0011] [MI£Jfe^2ltJ<H;tfcm©#»^I^ 

mmmmfcttirz>m36Mm<Dmk$:^irmx$>z> 0 
mmmi^Mir^'mf^comt^i-mxh^o 

[g|5]||»d3-5;&mt!|«30^ 

mmm ^M-r^m^mt^-rmxh^o 
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[0012] *3swo#«EL*^tt, mmtmmm^t£<bh*xhttmRmA,3tmy£®i 

<D&$f&50ppmUTX&V, 40ppm£XTX&Zbfr-£.V<, 5ppmWT^fc3££ib 

^*t^§^*^t^^^*^^^^V^^®S^S(D^ff^40ppm^T-e$? ^ 9^ 30p 
pm £1 T-efc?) W*b< x 5ppmA^ T-Cfc5 l£0*L-V \ 

ppb-C*>5t0*UV\ 

[0013] ^^lJlfflV>5^r«|EL^^ffl#3|Sf«, ^*fi«5i:Lt©Ii, H^Sf&U^lfttfVN 
n^V^ ^tt^fl^^^XV-®*^ (ICP-MS^W) X 

, lppb— 50ppm-Cfc5£#mX, ^FM^^ET(D^:^^M^^V^m9*ai*^3 
Oppm^T"t?feo-Ofe>0*UV \ 

-fCft^tff (icp-ms^-W) X««iffi^l3iJ:t)#^tbT/^^M^^b-C<D^: 

^w-cjbv ^waEL^T-ffl^ m*** b\ ft^^^v-ai^w (icp- 
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[0014] mm^^m^mtvx^ ns§, Bvm&mfbfr, ^n^v 

m^MM^ &ftm&<D&T&m<zt&%abtix^z>7!>K *mwxfe, Tfnmtv 

mm, ^m<D^m'Mm:±M%^m^(Dx.oKm^xm^^tmj^\^\ 

Xfo&Z.b&0~£L<, lppb— 2Oppm-efe§^$^>^0^b<, lppb— 10ppm-efe5 

l®(D^Nn^V^#)(D/Nr2^V^^®i|ft^^i|^20ppmWT'efcS^i:^W* 
b<, lppb— 20ppmX&%b£blZ-&^<, lppb— 10ppm^&5i:#^?3;U/\ 
[0015] ^n^V^^Alft^Wa*, tc^^W, ^^n^Wy-y^—^, HPLC 

y^^—xftmx^, ^ht^^wmf^mm\^x\^h(Dx\^ri^^m^ 
•era, miooppm(Dmm^mmwxm, xmmx^^^hm^m^x^m^ 
[0016] ^nh<D&Mm^<DmM&M®:i-z>mw:<7>-- itvx, i^^xv-it^ 

#f (ICP-MS) Igg^^if £>*L5 0 fl^^^^XV (ICP : ^U£<DT/K3V#^C 

m^tvxMA^mm^m-^^^txm^xmm^m<, ppk pptu^v 
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tii 18 OH, 17 oh , 16 oh 35 crm 17 o 18 o, 16 o 18 oh, 17 o 17 oum^mf htlZ>o 

2 3 

^.(Dfz.$), m^nm-^m^m^ wm&f$<vmntvxm^^th%Mm4k&%o<D 

mmn^x^Kmm^. ^.mi^tcncw^m.7Km^mvxmm^u^mA 
A g ci^^i-§ 0 ^(Dt^, -fe\cmc.tixzmfe±/^<DmMw(Dmm>mk 

>(Ag)&m%.u mmmmfeztiZo ^^ah^-j^ nn t P<vm.mmmx 
mppm~£x®m&»jmx&z> 0 
[ooi7] w-z.^mmxmm^m^\m\^mmit^mm^{^vm^)^mn^\z. 
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ir%m&&&z><DX\ mm, *m.j£fifinpa&T<DmnTxm*&&mnM:irz>z. 

[0018] #^ WaELffl Wf*<Z>#^$^&£L~Cte. fff3£LfcJ;5 fc, J^ffiT, Mm&M 

**yffi imwwzttutm&^ m^xim^(D^\^x3mm(D^>^ 
—x^mm^Mcmirn^mmm^R^ir^tmMh^x^(DX\ x^ummm 
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[0019] *&m<D*mELmtt, tm&mmmm&. vAsft&yt&^m&mmfcfrbm 

[0020] Mbi] 



— Jt95£(l) Arte, tmL<i4itt(DM*t6-30 (»<ij:6-18) © 

A B C 

< Kt&BlfeO^ilf &6-30 (0£L< r±6 - 1 8) ©^JfegMbfc* tt^L< 
tt*ieiSl®^3ff I8fc3— 20 (0*b< f±3- 14) <D^#^m*i«XteMlt>L< fit 

A B C 

[0021] —^(i) ic*5v^t, AKD^mmtTkmrnti^x^ -<^v, 

7^>h^>, T±^-^U>^ ^y-fev, ^- 




(1) 



R 
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tfy^vV, t°yy*vV, hyrvV. ^-y^, ^y^^v, ^r^v^ 
>-Ky vv, -r^yt^yv, ^y^>-K— /k 3H--ivKy— /k -y^k— /k T^tK 
n^/^/-/v, iH— f^yv— /v, yy^, ^y=3r/y^, 3vy>\ ^yyvv, -?-y 
^-yvV, ^y^y>-, ^yy^, v-^/y^ yry^y, #/w^y— /k ^7/v/Ky^ 
, y^yhy-yy. 7iyf7^y, y^y^s^ ^yy^yaryyy, yyyvV. y 

— icssv^, Ar^, -<yi?ybyy/vs, try^hM/V'S. try^y 

A B C 

timing mmArxmm^tc^mmk7km<Dim<DmmKM^ zammteZb 

ABC 

am&fc:. tfrfBAr-ei^0j!L^#^m*#(Di«(Dast^p^, y^/vtW/i^ 

, y^/Vfc^y~/«#OltufEAr^ 

'So 
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[0022] Wb2] 



R A Ar'— R B (2) 



<d 2f(Z)ffI^ft7KiiX teUMh L< tiii*^it3^ 20 m {£3 

A B 

A B 

[0023] —^(2) ICJ8V vC. Ar' <D^#^>fb*^^^J^bT«, ^b^Mfi:^, Iff 
fE-^(l)(DAr^PJ!b^#^^7K*^2tt(Da^^^ ( f^§o 
-^(2) fcl*3VvC\ Ar'(D^#^^^(D^!liL-C{i, ^H^WAzk^ HUB 

*fc, —^(2) vC, Ar' 7^1/^, t^^W^S, try vVvMVV 

A B 
A B 

[0024] #^<£#8tEL^l£:fcVvr, ttf|E^a»i^*(-^*tt^^hlt^(D^^ 
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^toZttms^^^tttt'^^fctobLXtt:, TIE— ^ (3) - (5) X*m$ 

ti&pt£< th m<vmm&^~tz>h<D^>Tm-M£: (6) Rxt/xn (7) xmtstiz 
Wb3] 



Ar' 



Ar 



X^ 



Ar- 



(4) 



(5) 



[0025] — JK5$(3) — (5)*, Ar.R RUR femmtm^foV) ^ ttMfc. ttflS — ^( 

A B 

1 

2 3 

-^(5)^,x -x ^&ft<bhi^^v?ismttmumfe^v^m 

4 6 

i 

2 6 

m^Zo *fc.X -X XteX -X ^joV^, 2o^_h^/Nn^V^-e$?ofc^ 

2 3 4 6 
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[0026] Wbti 



Ra Ar' X 1 (6) X 2 Ar' X 3 (7) 



A 

i 

-^(7)^,x -x femmtm^&Zo 

2 3 

r-teu x -x t^mw^x^m^. at' i^©*»©ti-jsct«^ 

2 3 

2 3 

[0027] *mw<D^mKi.m+te. mmmftmtK mm-mmDRTf/xtewxmz 
(5) -e^$tL§/>^< ^ m<Dmm&mi-z>^vsf^kM, t>u< ^tufa-^ (e) 

[0028] «HK~efflv ^^^^b^^^^^^W^^^b^^, *8$Euff 

^°^2. 8—3. 8eVi!ift<, 3l[l.S<D^/Vdf^ 3f^y?%2. 4—3. 3eVtM^^h(DX 
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[0029] ^mmcoiimELm^fe, mm^tcx^mmtmrnmic— mh^fe^m^m 
m cetl&as) /m%m/mm) , mm/&%m/n*mm (m^&A«) / 

^^xmv^^ticx^,mm(Dm^n&^myt^m^±^^t^x^ 

o 

[0030] *mm<DmmELmtt&tf?>jEiiMmm. mxm, m^mmmi^ ztve 

^E^^aAi-^jl^IE^LaAJi.IEaaAad^IEa^ft^^^^e^-eiE^L 

Air^m^m^mAm.n^mAm^hm^^nm^m^xm^mmir^ 
#3Bw<D#8iEL3*f^f*, s^iii^E?Li)ii^, mmvtc^mmtT^m 
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[oo3i] mm^mm^mit^mRx^xxn^mmmmt^mtm^mmmm 

i/>\ tvy, ^hy-feyy an^y, yy-fey. ^<yyy. yyn^y yy 

, -^-y^n^ywy, -<yyy, y^n-qjyy, -T-y^t^yyy, iyy^/yy^v^y, 

yyy N if^^y/v, tfyvV, y^n^y^y^y, ^yyy^jRggft:. r^y^r/yy 
^y, >f^A- /i^F-w— Mb^vV-YWfrg^K ^r^-yyKy, /yyvy, y^/v^y 

Wa^M^^O^JSM^-^bT, /y^«7^ nv?^ ^yv^, il, 

<, ^-/vhyy/w^y^^Aigf^^^^bv y 
^Bfe&jpMfra^iyr ra, Tta-^^ (v) -emztiz>h<D&mftbtiZo 
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[0032] Wb5] 




[0033] (a;*, A 1 ®mtu<«te®m^^#^^b7K*^SX«^#^1S*»^ 
#f*L<f3\ 7x^.;H, tf^^/v^ T^MJ/VS, 

^y«, ^o-^/v^^jfcifory— /v^v^v^/vT^y^ ^^wr^y 

^^T/pJc/VT^/M. Ttf/H#©Ty/vS, hy^/v^-ny^-/k^(DyM3 

mutst^^eu try^/ns, try^o^ tr^^s, hyrv^^ -< 

y/fry-;vs, -o-y^i^y— /vs. -o-yv^v— /^ *sv^m. -ry^r 
yy/v^, ^y^y^s. y^^hyv^s, -f^yt o y>v^ >*vk— 
y— zvm. hyry— /vmxm, mmwM^tvx^ a 1 tmrnoh^mfhtiz 

o 

A 1 ^frgt^A 2 ^t?^Ji-o(D|i^^?f^L'C^J;<, Z.(D£?t£h(Db1,X 
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sfittRxn*}) -j^/vhv Tif—A>%k m$L^<D tpfabm &tiz> 0 

[0034] ffrfB-^^ (V) ^^ti^^a^JR^^^A^SrWT^-t-^, fa^Tie 



(K-l) (K-2) (K-3) 




(K-5) (K-6) 
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[0035] Mfc7] 



(K-7) 



(K-8) 





,CH, 



(K-9) 



(K-10) 



(K-ll) 






(K-12) 



CF 




(K-13) 




o=c 



PH 3 



,.CH 



o-q 



(K-14) 




.CH, 



o=c 



,.CH 



O-C 



(K-15) 



(K-16) 




,o=c 



,.CH 



o-c 



CH, 




,o=c 



,.CH 



O-C 



CH, 
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(K-17) _ (K-18) 




[0036] 



(K-21) 



(K-22) 
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[0037] Mfc9] 



(K-23) 




(K-27) 




(K-31) 




(K-25) 



(K-26) 




(K-29) 





(K-32) 



N N 

(K-35) 



CH 3 



CH 3 




(K-33) 



PH 3 




(K-36) 





(K-37) 




(K-40) 




(K-38) 




(K-41) 




(K-39) 





(K-42) 
CeH^CsHg 

C 6 H 5 C S H 5 



(PF 6 ) 



[0038] IE?La£AM^f^bT«, lE^^t^t^^^ ^^OIE^A^, 
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^/ny, 4^7— ;v^-^r>^ fc°^y*y^ t^/py, T^fcKtM'^V— /K 

^vV"<>\ ^v^^, ^^vVMhy^^/VT^ ^^y/VT5^Mhy^^-/V 
T5>\ ^T^^Mhy^^^/VT^^t, ^^fi^fK &U^ytf^vV#/V^y 

ra, hy^^/yr^, hyhy/yr5>\ hy/v^^^/vT^^, n, n'-^^^/v-n 

, N'-(3-^/V7^/V)-l, l'-tf^^/k-4, 4 , -i^T5:^N > N, N\ N'-( 
-1 , l'-^m^/V-4, 4'-v ? T5:>\ N, N, N', N'-(4-^/V 
yi^-l, l'-f^m^/V-4, 4'-i?T^, N, N'-v^m^/V-N, N'-v?^ 
f;M, l'-f^oi^/V-4, 4'-i^T5:^ N, N'-(^f/V7x^)-N, N'-(4- 

n-y^/vy^^/^-y^-ti/yuis-s, 1 0-^x^4, 4',4"-hy^(^;/w^y ? — 

/V-9-4/V)-hV7^/VT^>, 4, 4',4"-hy^(N, N-v ? ^^/VT$7)-hy^ 
—/VT^ 4, 4',4"-hy^(N-3-^/^^^/V-N-^m^/VT$7)-hy7^/V 
T5^, N, N-f^(4-v ? -4-hy/VT5;y^m^/V)-4-7ai— /V-v-^n^dr^^#, 

x»itL^^^#^^MT^^#i&^#Lfc^y^-tL<^^y^--efe§^^ 

tlhicm&tl^hfD'C^W 7?vi/T^(Pc)mmfc<DM:fcMte, H Pc, Cu 

2 

Pc, CoPc. NiPc, ZnPc. PdPc, FePc. MnPc, ClAlPc. CIGaPc, CllnPc. CIS 
nPc, CI SiPc\ (HO)AlPc, (HO) GaPc, VOPc\ TiOPc, MoOPc, GaPc-O- 

2 

-era, ^KHSje&Jt&v^ /^y^°ny^(BCP), 4-t-^^/v^y^— hr/v^ 
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^(III) (2-^/^-8-^/1^— b) 4-7^/V~7^;"7—h (BAlq) m^^ifb 
[0040] t^ftAlffiiLtit, «^&*&m-5j!Eyj&^*>. I^^Cl^ftAM, 

o 

X^^^^aS^-CfeSo ^M#gfWblB^»JW£«. 8-fcKn^^yy^— h 
^ (8-tKn^^yy-^— h) -^#V, hy^ (8-fcKn3K^yy^— h) T/l^^ 

hy^ (2-y^/v-8-tKndr^yy^-— w tvv^^ hy^ (8-tKn^^yy^ 
— h)^fy-7^, tr^(io-tKo^v^<>o/[h]^yy^— H^yy^A, tr^(io-tKn 
^v^o/Qd^yw— W3E$&, tf^(2-y^/v-8-dryy-^— h)ynn^fy>A, tr 
^(2-y^/v-8-dryy^— h) (o-^^y^— b)Jfvyj*, t^(2-y^/v-8^ryy^- 
— h) (l-^i^— H7M=^, tf^(2-y^/v-8-dryy^— h) (2-^h^— h 

[oo4i] *fc, ^mmmmmmt. &*ft\^T*mttim&±is*rrz%&itmmm 
4k&mm^<m^^bti%o mmmmmm^Mc^m^t^mti,x^ smnx 
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^2o^_h-^tp^-^^f|^#:^L-C{*, ^RfitW^/K ^yV-/K t^vV, 

t°y^>\ ^yv— /k :/y^ yy^v^, -r^v^, ^y^-y-y^, ^yy^, 
•yyyyy, y°^yvV, ^y^v^ ^^hny^, t°tm^y N y— /k t°nnhyry 

^yvv^yv-zK ^yvt°yyv>\ ^^vt°y^y, -^yvt^yv, hyr 

df-i^y— /v, -<yyf7y-/v, t7hfTy-;v, ^yy^yry^, y^if-iv 

[0042] *fc. E?L^AW#5f^«^S^^»^. «1^ftA#lft«^ft4tt»f^^P 

^m^mmELm^mm^m^n^mm^untvxn^evx^A^it 

^7VK y^.X^>\ ^^^^^^^OT^fe^^^ ITOffi& N NES 

LTte, 4eVj;«9/J^$^tt#P«#o^ ) ^^ilb-Cfe^), -^y^>!7^ 77/^>«7^, 

fig. &\ ^y^y^, -ivhyy^ y^-y^. ;vt^^a, -^>-#v, r/^^y^^ 
^>y^/m ^y^i/y^/^f^y^, y^y^/T/v^yi^;m^»LT^ 
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[0043] ^m<ommELm^\t, ^^th-^mmtmrn^mmmmt^mKmrnit 

\VM, TMV±M^ J f^t^0, ffiT±3g/M^V^#K SiO „ AlO , SiN N SiO 

XXX 

N. AlON. GeO „ LiO , LiON. TiO , TiON, TaO , TaON, TaN , O&if & 

XX X X X 

nmtm, mem. wntmmxibz> 0 mmm^mi-^m^m^tvxi^ sio 

X 

, AlO , SiN , SiON, AlON, GeO , CeO , C^^^A#BJB^Jf^UT 

XX XX 

0*U/\, £fc, #^^^S-r^iB^^tbT^, LiF, MgF , CaF N MgF , 

2 2 2 

NaF^W*bV\ 

[0044] ^mmcD^m^m^it, ^m^<myt^^tMc jj&mtem* 
m§:^n^h(Dxw^^K ^f^mmRxfmm^mmy^^mf bnz> 0 m 

BJ3ttIf7^/v^iLTii, tf?y^w>\ ^u>-mmf=-^m^W; 
-\f-;vr;v^x— /v^m-^f*, zKUTWi^ /tfy^-i^ N ^y^/v^T^yw— 

-/^•7;VirnT^;V\f^=.;V^—J-;V^m^W; zKyt^/l^/l^-^M'K Thy? 
;v^m^.^-uiy-^=f-uiy^M^-W; Tbyy /v^rn^^-uiy-^^-^-y ;v^xiy°xi\£ 

i/^^fi-^f*. /Ky^nnhy^/v^-n^^-w^, /Kyif^y^v^/v^-fK, *Ky«-r 
/v, stfy#— k #y?w>\ ^y^H\ #?y^— tvw^k, sKm^k, ^y^°n 

[0045] #3&BH<DW8&EL^fci\ SS, ^mUmzttirZ>$:m\!k<Dfa±<Dfribi£ 

%z.th»smx&% 0 
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m-r^t^^—^m^m^x^ m^mw^xh^^m^mm^mhfi^ 

\f\ Mlg^mmttnm— lOjumCOfaffl^jlLTV^^i^ lOnm— 0. 2^1X1^13 

-eta, #y*^w>\ *Ky#— tj?^— k tfyrvv—K *°y^;^/K ^yr^K, ^ 0 y>> 
v^>\ ^y^/v^^ *°y^/M^y^— k ^y^/vr^y k i?/vn— 

[oo46] mmM^m^^x^mm^hKm^tm-r^K ^mm^fiwrnrnm 

/Co 

ICP-MS5>#f <£>^©teAgilent 7500a (WffiT^V^%;Vi/^J*XttM) 3r 
W\%±M^m<vmn<DVM)\Z'Wl^ T/VjJVm.lbLWM88mmo\ Na CO /24mmol Na 

2 3 

HCO 0. 75mltH O 100 n l^AtLlSmH^^T^Lfco ^.(D^co^rfh^rfhCOT 
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AsXVWk&tSNa. CO 4.4mmol/NaHCO 1.2mmol H O ©8&&nH\ Br<D— 

2 3 3 2 2 

2 

-fr, ^15^ra^L/c 0 ^<Z>#L McHi* lOOialSr«©U^©#0f"WKJ 

l^KflySUfc (®Jt5l^*W7^^(c:#*fLfcBr«rlHlJDl)o ^©^Stov 

2 2 

2 

-^A^n5K([CH (CH )] N'Br)/h/^l/^m&fen<DM&UWtU Bm-T/V 

3 2 4 

2 2 2 

2 

nP±<D&mm^b9-n-7^/VT^^J>>T4^4V(lCn (CH )] N-l)/h/V 

3 2 4 

o 



WO 2005/084083 



29 



PCT/JP2005/003384 



[0047] mmmiRxfit^wn 

^T\z.^&fo^—Mz.xmmmi (j^t, [Hosti]£i-3)£i^&uc 0 

Dfbio] 




[ Hostl] 

[0048] ik&m [Hostl] fe£XT<D J:5 t-bT^j^bfc 0 

3, S-v^^^^XT/VT'tKlS.OgCeSmmol) ^ Ti?h:7;n/^9.0g(75mmol)^^ 
7— /V200ml t^fifU lMTK^b^-hy^ATK^IS 70ml(70mmol) £MTU ^iBT? 

^raf*(l)20.4g (iR^82%)Sr#fCo 

-^c^Psl^a) lO.Og (27mmol\ -^^XT5v ? ^^i^4.4g(28mmol)^^7— /V 
70ml^^^L, *^b^-hy>^3.3g(60mmol)^PX.fc#, 18B#^*PI^#»fEbfc 0 

j^^^a^-e^u ^K40mi^p^., mmmwvtc^ ^rm^tc^^mmi, 

T^?y—/UX*ffifrU ^^r H 1f*(2)6.2g(^49% )^#fc 0 nbtvfd&ikfe 
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90MHz 'H-NMR C7-f— SVYf^V— '7$*a>~?*C*>'<?h/l') K£V)&$, 

tpm{*(2)-v%>z^k&m&uto fd-ms (Dm^^siTKm-To 

FD-MS ; calcd for C H N Br =466, found, m/z=466 (M + , 100) 

22 14 2 2 

$££rEPA (i?xf^x-r;V : 4V^<^> : ^yynt>7/^-/V= 5:5: 23£HJfc 

)tut 0 ^/u^mi^m7KKx^±/^, M)u*mi¥ffimkyt%i&WrF-45oo 

^#)rHostll(D^Hfe 

tpK#:(2)3.0g(6.4mmol) , HfV/^/^- /V2.3g(14mmolX J;Mb^0.12g(0.6mmol\ 
y^^ijr7^4.2g(20mmol)^l, ^^^r^^lmU^^gU 
^^^T^^0.8ml(6.4mmol)^Px., T/V=*V#BMT, 18B#|R|;&nfK^$fcUfco 

sis^ftSr^a*-e?&*Pbfe«, sfrfn^w, -fc&mzM*.^ nm^rnvtzM, * 

^dr^^lmH^g^U £MblP30.12g(0.6mmol\ U^^U^^2.9g(14mmol), h9> 
2-v^n^1^^T^M).8ml(6mmol)^P;U T/V=^#ffl^CT* 18^f^P 

30ml^Px.TWmb^^H^iib, W<^XWtm*-?-/^Xm&VXM&&MM}3.5g 
(J[X4*85% )£#fc 0 ^t^tLf'^ffH^OOMHz ! H-NMR JltfFD-MS {Cj;«9 g fi^MHo 
stl]-efcS^^«^b/c 0 FD-MS o^s*k£&£*Tfc^1*o 
FD-MS ; calcd for C H N =638, found, m/z=638 (M + , 100) 

46 30 4 

(A) ) ^«bfCo 

~Wfr&^^5i*tMU 90MHz 'H-NMR^Lt^FD-MS ^i^WWil^ /np 

yyft^i (A) «r?E(D*^-efc^^iwis$nfc 0 

'H-NMR (90MHz , CDC1): 7.2-8.8 (m, 22H) 
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FD-MS ; calcd for C H N Br=551, found, m/z=55 1,553 

34 22 3 

[0049] Mb 11] 




(A) 



[0050] JjHSJ&j&HSPga^M^— Sp^TlSrSHfebfe, mfcfeM&10 n mol/l-e 

mM&KPA {-J-^)V^-—*r;V : ^J^y^ : /V= 5 : 5 : 2^5® Jt) £Lfc 0 «9 

A/3feM^^77K^T^^-fe/V^ , (tfc) 0 3iMf^0f^3fe3teStfF-45OOMVNTff 

iSJMHMJg^/V^r— p{iTlf^2.9eV -efcofc 0 £^[Hostl] ^oV>T 

325ppm, lOppm "Cfco^o ^<D[Hostl] toV ^ttl^^ iStiM^ 

fTofcf^ i»fC:MSte22ppm -efeofco 

^^itBEHosti]^, jj?— bias 34o°c, i¥a.(D^\*^mm*ftmrz> 

*|gS«^:^W)lR^17ppm , 5ppm^feo/c 0 *fc, m*M5£^£3^*^f<^*£ 
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m^KitmMD ;ITO/a-NPD/**fM[Hostl] JOTKppy) /BAlq/Alq/LiF/Al 

3 

ifc^dlifc^Jl) ;ITO/a-NPD/iftMHostl] ^U?Ir(ppy) /BAlq/ Alq/LiF/Al 

3 

[0051] WHIel^KJ:. WT^J;5^b-Cf^SSLfco 

25mm X 75mm X 0.7mm W-<DlTOMW\W&tt^7^MW&^y'?v\i°;VT;V^-- 

' -tt [N- ( l-^^/V) -N-^^^/VT^y ] fcr^~/HBI ( r « -NPDjglj hVS&ft 
(D)&mz.W.tfXZ.(D a -NPDfll_bJ£j^/¥30nm<D [Hostl] &^hW&tVXMM^ 

mftm&)&misfz. 0 mm^/vftmft\±<DiT4£m^m-/<>hk^xTmyx (2- 

*Jz/) ir (WT rir (ppy) j bV&mirZ> 0 ) teWMUto mJtm * Ktei-fZir 

3 

(ppy) 3 (Dmmz5>MA%kisfc 0 z.<Dmfe, mytmt\^xmmir^ 0 -<Dm±\mm 

10nm<DTfe (1, 1* -t^^^/V) -4-^-7— H If* (2-^^-/V-8-dr/y/7— h) T 
/]^-r^(j^ T> rBAlqflUjWfE-rSo )^Hb/c 0 ~<DBAlqflHtelE?li«S£ 
bT^i-^o $^^r(D|f_h^^40nm(DTfB8-tKndr^yy>'(DT7^^^^ 
#f#:(^T, rAlqJ|^j^lB§fBi-§o )^Hbfc 0 ^<DAlq®| ^m^^AJg^bT^fg 
i~3 0 -<7>^L /Nn^fV^T/^y^M"efc?)LiF^0.2nm <D/¥£^3f U #:l^CT 
/k^?i^l50nm <DJ¥£«;f Uh 0 r^Al/LiF^^^brat^i-^o 

Mfcl2] 
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[0052] nbtitcm^iRxim^KMu nfeRtixwxz&ytTxh&nftotctz.^ t^h 
&tt, m*i&x*m*2&. *weti®Mmmi50taat Kx^mmmm^. mm 

m750mt-£X°ffimiTZ>ffittV$mikfe, ^1 : #^-2 ( = 70H#P^ :467NfW) WH&l : 7 

lV(#^lh 1. 15V(§ff^2)-C&«9, ^Jfe^IlO^ISlEL*^©^^, «EE_L#i&S 
ft*3, IHC^^;jB^»bfcIr(ppy) Hit, 3*^3rICP-MS-?, 

3 

tiiSffiiaD ittostiitmmtejjmxfrvristib^ smmstttwenm 

^5ppm, 5ppm, 12ppm X*$bofto a-NPD, BAlq^oV^-Ob^ijf , H^^^r 

\ liiCoV^Tfi, 1tft*&raJEfc2ppm, 3ppm-efe«9, H^^-oV v-Cteif^^ 
2ppm, iCOVvCf*, ff*^iS{*)III^3ppm, 5ppm-Cfcofco 
[0053] |life0B2&tWfc&0!l2 

WT^^J^^— ^T3B3frtf**2 (J^T\ [Host2] fc-TS) Sr^LfCo 
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Wki3] 



Br 




Br 



Br 



Br^^Br 

aNH 2 ^ J, 

nh 2 -^cPo 




Pc*(PPh 3 > 4 
Na 2 C0 3 (aq) 



Dioxane 



(3) 



Toluene 



[Host2 ] 



[0054] >f [Host2] te^T<^ «t5 f-bT^bfCo 

1, 3, 5-hy^ti^^<^irV5.0g(16mmol), 1, 2, 3, ^^h^fcKn^/W*;/— /k 
5.3g(31mmolX <£Mb$l0.3g(0.4mmol) „ y^^y^i^l3.8g(65mmol) Sri, 4-v^3r 
ih>50ml^^^L, b9>^-l, 2-i^£i^1^>"i^T^1.9ml(16mmol) Sr^Px., T 

Sr«£ES*«, ^y*W7^nvb^77^-t«L, Iffltt (3) «rl.4g( 

M22% ) 3r#fc 0 

:/n^E— 3, 5-v ? ^m^/^^ifVl0.0g(32mmol) ^h/V^^50mU 7VV50mUC 

*g$?U T/V^V#HMT-16 42°C-e//W/V^^-/vy^>7i»^dri^^^ 

(1.6M) 27ml(42mmol) Srj&nfc. -42 o C^^O°C-ei0#ra^#Lfc o 2fcfcSj£3g8ft&-70 
< C*t?? f ^*Pb, ^•7^hy-ry^°nt 0 /V22ml(97mmol)^— ^/V25ml^lRr|Rbfc^« 

^ITL, -7o°c-ein#r B m#bfc#, ^?a^-e#^LT6^ra»#bfc„ mkkjS 

(4)7.0g(M78% )£r#fc 0 
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rpmt$(3) 1.4g(3.5mmol) , ^^^^(4) 1.9g(7.0mmol) % Th9^( MJ^^/V 
^y^) ^v^^O.^gtO.lOmmol) £rl, 2-^b^r^=c^21mUcMM^ ficB; 
^-hy^A2.2g(21mmol)^7Kllml^^Lfc^^Px., 9H#PWff&gt^Uc 0 Rffc 

MlkllfcfrU %£Mi2.2g (i&^88% )£#fc Q mbtlfc^Mife. 90MHz 1H-NMR. 
FD-MS @^MHost2]^fe3^«fgUc 0 *fc, FD-MS (Z)pJ^*^ 

FD-MS ; calcd for C H N=703, found, m/z=703 (M + , 100) 

54 41 

m (b) i>^mmt\^x^^fit' 0 

Z.<D7fm.%Q&ftW?HW^, 90MHz 'H-NMR^tJ^FD-MS \C £<Oft$rl,tiffi^ /^^ 

(b) teTm&mm-efozbm&ztitio 

'H-NMROOMHz , CDC1): 7.2-8.8 (m, 22H) 

3 

FD-MS ; calcd for C H NBr=553, found, m/z=553,555 

30 28 

[0055] Mb 14] 




(B) 



[0056] Wc, *ffi$^[Host2] toi vC, 3?Kt £rICP-MS~C\ *fc, ^^Sr«M^ 
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miz.£<9 [Hosti] tmm^mxm^vtct^^ MAmmi-i^n^nwm^oppm 

, 50ppm , 28ppm "CS?ofc 0 

rcD**fM[Host2]^, tf—hM& 340°C, lPa<D$ki*-X?7FMM*ftM~r% 

B){i^m§tL^^ofc 0 ££>^ »M[Host2]^oV>-r, Hit, 3^^^ICP-MS-e, 
KWML^&feUwm , 3ppm, 3ppnre&ofc 0 *fc, ^IC^^jg^^PbfcFIrpict, 
5HffLfc^5, ^^• : eWl|fit-®»mS«3ppm ) 3ppm, 18ppm ~e&ofc 0 
tiELgi^^2tIML, **fS[Host2]£ffll^<D£m^3 (itK^|2) £U 

*tM[Host2] ^rffl v ^htv&m^ mnm2) t~rz> 0 

^^3(it^M2) ;ITO/CuPc/TPAC/**fM[Host2] .K^FIrpic/Alq/LiF/Al 
m^mMWte) ;ITO/CuPc/TPAC/5|tMHost2] ^OTrpic/Alq/LiF/Al 
[0057] ^ELUt^-te, ZlTtDXylZVXitmi'fCo 

25mm X 75mm X 0.7mm ^(DlTOMVftW&tt^tf^^W&^y^^/VTsV^-- 

Amt^xmmir% 0 cuPcm^m^mnx, ^<Dm±\mm30nm(Drmi, v- 

fcf X [4-N, N-^ (^hP/V) T5/7x^/V] v-^n^i^^H («T TTPACJ^J » 

?a-rs 0 )sr^bfco ^(DTPAcmi-nEjmmmtvxmmi-^o tpacj^ 
±^mm30nm(Diuo S t2^^huntvxmm^mytm^mm^tL o mmwAs 

3fett<DIr^JR^^^bTTIBlrt^[ (4, 6-^/l^n^oi^/V)-fc°yi>?-— h-N, 
C 2 ']fc°=iy^— h(^TrFIrpicj^lB§fEi-§o )^r»bfc 0 ^JB^P^it^FIrpic 
(DmS«7®S%^Lfc 0 i<DflHte\ ^3feJa^U-Catii-^o ^(Djjf _h^^30nm(D 
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y&y&JR-Cfc5LiF&0.2nm <Dj?£^g3f U tfCWCTVl^— ^i^l50nm <£>J¥£^ 

Mki5] 




Flrpic 



[0058] nbtlfcm^SRXim^KMU nfeWJjaL-X&ytTXh&ftft<otcb^ ¥%t> 

l:100t?fe«9, ^ma*»S^14ppm <0**3K[Host2]SrfflV^^Jjfe^l2<D%|j|EL 
^^-(DttK MMlZ.mfiifrMfa'ofCo TPAC, FlrpicfcoVvrtjIUfc, 3^ 
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[0059] ^Jfe^3~5&TJ*Jfc|fc0!l3 

OTf^^J^^— ^fcT^3fe#*-f 3 (£*T, [Host3] £l^cUc 0 



A 

51-^*^ Br 



PcKPPh,), 
DME 




(5) 



Na 2 C0 3 (aq) 
DME 




[0060] i\&m [Host3] U^XT(D X.D lat^Lfc, 



3, S-^n^-^^/V/Kn^^S.Ogdlmmol). 3— K^^-EV2.2g(llmmol\ Thy 
3cX(hV7^^/^X7-(» ^-?9^A0.25g(0.21nimoD Sri, 2-v^3rv^^ 
32mlfcl»»U ^^hy^^3.4g(32mmol)Sr^Cl6ml^^bfc^^PX., T/V=? 

, 3, 5-v ? ^n^etf^^/V(5)2.5g(lDl^75% )^#fc 0 
^^fHost3l(D^5fe 

ffira#:(5)20g(64mmol) , _tfE#P^37g(130mmolX ^h^^ (MJ^^/V^ 
7^S) ^^v ?T >-^2.2g(1.9mmol) Sri, 2-v ? ^h3f-^:^^400ml tcSSSBU ^^"hP 
r>^41g(380mmol)^200ml (C^^b^^^Dx., T/^V#HMT^ 180#^*P 
§&MLfc 0 SlJ??S?*Sr^a*-e?^*P«, -trf WbfcJgiftSritjau *-C2HU ^7 
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ffiih&mmu mm^/^oomi X2m^u mw92% )&mt' 0 Uf± 
r^-mmmi^x, mm^^g m^mn% )^#/c 0 n^titc^m-i. 9omh z 

1H-NMR. FD-MS KXK> @ W^[Host3]^fo3^£^ftigUc: 0 £fc, FD-MS <£>$ij 
FD-MS ; calcd for C H N =636, found, m/z=636 

48 32 2 

(o ^mmtvx^m^ntio 

^(D^myd&ftMWiMU 90MHz 'H-NMR^Lt^FD-MS J^Wbfcf^ /M3 
^V^#/ (C) ^T?E»*it-efe§^I^IS$tL^ 0 
'H-NMR (90MHz , CDC1): 7.2-8.8 (m, 20H) 

3 

FD-MS ; calcd for C H NBr=473, found, m/z=473,475 

30 20 

[0061] Mb 17] 




(C) 

[0062] *MM[Host3] ^o^-Cftlft, 3^*^ICP-MS1:\ 

feicl [Hostl] ^IWIil^fe-eSiJ^bfc^^, ^tL^«i-®*ltS»390ppm 
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, lOppm , lOppm "Cfeofco 

fc 0 *^©litSm.lX 10" 3 Pa-efeofc 0 #^*SSa$^c[Host3]«^Lfc#0f 

3o(Di^^°/V^^f'JUfc 0 #nft&g&^i£WS5^£>Sl, S2, S3ir^/V^U SI 
3&>£>Hgte3.8g, 17.4g , 4.8gS:iaJDlb^:(iaJDl*91%)o ^K^^MZ.^\^X^m 

m^fct^, ^mWMm&mi, S2, S3<DjlR^24ppm , 16ppm , 13ppm X&ofc 

o BvmnAm&mi, S2, ssowi^ppm, 4 PP m, 4 PP m, j&mwAm&nsi 

, S2, S3<DjlR^4ppm, 5ppm, 3ppm-efeofc 0 
[0063] gclC, **|3R[Host3]£ifitK[Host3] (SI, S2, S3) ^^JgcDWI^LT^fflU 
TIB«J!fcO#«EL^£4«Sf«U *»$a[Host3]SrfflV^<DSrm^8(Jt 
i*$j3)£U *t^[Host3] (SI, S2, S3)^rfflV^(Z)^tv^*^5(^W(j3), 

m^6mmm4),m^7mmm5)tir^ 0 mmEi^m^it. mmmiRxiitmmi 

t^l^C, [HostllCDftb^-, ±fa*ftM[Host3]y*®i[Host3] (SI, S2, S3) 
m^-5(mMM3) ;ITO/a-NPD/|tM[Host3](Sl) ^mKppy) /BAlq/Alq/LiF/Al 

3 

m^~6(mifoM4) ;ITO/a-NPD/|tM[Host3](S2) ^mKppy) /BAlq/Alq/LiF/Al 

3 

0^-7 ;ITO/a-NPD/*jfMHost3](S3) ^.mKppy) /BAlq/Alq/LiF/Al 

3 

it^-8(J:biK#!j3) ;ITO/a-NPD/**tM[Host3] ^mKppy) /BAlq/Alq/LiF/Al 

3 

*fc, #^>tLfc^^-5-8^r, ^tl^tl®MMm500nit m 

Mm50mttLX¥U1r&ffiMmmitfe, *^-5 : *^-6 : ^^-7 : *^8 (= 1083B#^ 
:3988B#rBl:4623B#r^:57B#rBl) ^1:4:4:0. IX&<9, *iM[Host3] (SI, S2, 
S3)^fflV^fc||^fe^3-5(D^EL*^-(D^-75^^ftM[Host3]^fflV^^bW!J3 
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m*5~8fc<>^X401%mmW}&<nnj£±%-&mfeL>fz£ZZ>. 0. 45V (iff 
^-5), O. 21V(^6), 0. 24V (^7), 0. 92(^8)t?fe«9, H*fC:MJSt^2 

[0064] ||}fe^6.RtWttfc0!l4 

^J&UtTiEte^ [CBP] (D^*6.0g^oV vt\ ifi£^i££ffiiJ#Ui:«JE#^ 

&o J^PJitSm.i x io" 3 Pa-e$?ofc 0 #^||J4$^[CBP]tt«j|$bfe#0fl!: 

^ M^MMm&U^WMCBP , S4, S5, S6(DjlR^60ppm , 25ppm , 22ppm , 
12ppm X&oti 0 *fc, 3^*®*aiflP^oV^r4, *ffiMCBP , S4, S5, S6<£>JlRf<: 
28ppm , 8ppm, 5ppm, 5ppmt?fco^ 0 *ffi$^CBP , S4, S5, S6C0 

)l|Mf3116ppm , 4ppm, 5ppm, 5ppm"Cfeo^i 0 

Wki8] 




CBP 
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[0065] mz., **tM[CBP] £*fM[CBP](S5) &&%M<DWftbLXtiZmU TtmtfKD 

^mE^m^2mmi¥mu ^mmicBP^m^^tchfD^m^atmm^tu 

CBP](S5) tttl^tim V ^W^it^ftCLtMLfCo 

m^Ot^tWH) ;ITO/a-NPD/*ffiB[CBP]^mr(ppy) /BAlq/Alq/LiF/Al 

3 

m^l0miMM6) ;ITO/a-NPD/|fM[CBP](S5)^mr(ppy) /BAlq/Alq/LiF/Al 

3 

M&750nittiX¥Uir%faM$$?$ikfe, 5^9:^-10 ( =4751^: 2469 

mmicBP^m^^tcft®im4<DmmELm^£v±m\mi%fim^fc 0 

74V (^9), 0. 65V (3^10) HJfe^l6<D^EL^^(D^^ N «J±_L# 
[0066] m&M7^ 8X.TfiHMW5 

Hife^!i5-efflv>fc*tM[Host3] (s3)^ov^, $fej!i2ia©#^iii3BiSriiu mm 

mzMmMUZo ff:MJ*^ Hit2ppni, 3?3ff lppm, ig^lppm-C*) 

o/c(M*tMM^*tM[Host3](S3R) ^^|Ei~S)„ ^lfe^l-CfflVYfcIr(p 

3 

^tl-^^/Nn^V^c^Sm^gS^^lppm, lppm, Jg^lppnTCfco 

^('(D»M«-^»Mir(p P y) AtmmT&o 

3 

Hife^!l5^*DV>T, *S5t[Host3](S3)©f^fc>«JJC, »M[Host3](S3R) Ir( 
ppy) »ft^«9^**Mlr(ppy) A ^fflWiHHl (H2S0U7)) , HJg$l5SCfeV^t, I 
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r(ppy) ©ffcbWCifilSUrCppy) A «rfflV>(^12(^Jfe^|8))S^«|^#^U 

3 3 

m^-H(MMM7) ;ITO/ a-NPD/MM[Host3](S3R)^mr(ppy) 

3 

A/BAlq/Alq/LiF/Al 

m^l2mMM8) ;ITO/a-NPD/filMHost3](S3) ^Wppy) 

3 

A/BAlq/ Alq/LiF/Al 

3 

3 

Hife#!|5{^V>T,Ir(ppy) (DffibWZtttMb: (ppy) B ^fflV^^»IH#^ 

3 3 

ttEUtf^rftm-fc (^13 (it«E^5) ) 0 

3lf^l3(Jfctfc0!l5) ;ITO/a-NPD/*fMHost3](S3) ,R.rWr(ppy) B/BAlq/ Alq/LiF/ Al 

3 

[0067] *fc. #^^^11-13^ ^tt^tt»ffSl500nit 

^12b^?X*?j:^m^l3X*±%tm&&btlZ>o Mtftmtt. UJMSl500nit 
£-Cfc£*#$!£lr(ppy) A ^SMlr(ppy) B ) i^mii, Ustf, 3?3ff0VM3^ 

3 3 

T, 5ppm^T^>^^12f^l000NF^^>#^^S'J$tb^ o 

^vtfis^mwmmmv&m^oppm -e^i#M[Host3](s3)^fflv^*^-i2-e 

«:#Ji$3)¥,gl500nit d^^«bl250nit ^i~5^(D^T-#l%tfW^kij^l000Rf 
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[0068] £A±.mm\mmisfc£?^ ^mm<DmmELm^te. ^^%m%^x^tz.^m 



WO 2005/084083 45 PCT/JP2005/003384 

m^mm 

en mmtmmm k&kk t^^vmmm^%m%^m^m^w-^^x^ 
mmtmmm th^bunRm^ytm^mm^mmi^^A^xnm 

[5] tfrfB/N^^V^^SA^So^ffcDTPS^nppb^^M^iIl-^v^-f^^ 

it^Jii— 3(D\^tif)A^mm<D^m^^vri;v^y-^>^m^o 



WO 2005/084083 



46 



PCT/JP2005/003384 



Ar' 



(1) 



R 



B 



[8] 



OCT, Arte, BlftfeL<tt*ieiSI®^**6— 30<D3«©^#JfeK>fb*3lll£X 
H:f^L<i4*IilOMiic3- 2O©3|Bi<03r#iJStS^Sltf5^U R , R 

A B 

c 

tr^ix, gm^b<^^smo^^m3-20(D^#^m*msx«smtb<« 

»©7^S^L,R ,R &^R te, ^tL-etLl^l— " e^M^oTV^J;<, 

A B C 



Ri 



•Ar'- 



(2) 



OCT, Ar'fi, em^b<«^m^^^#C6-30<D2tt©^#^^^K^ 
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[9] 



sSr^U R & 

A 



B 

A B 

mm^^Tm^^-r^n^itmtK tie— asss o> - (5) -c^^hs^ 

Wb3] 



(3) 



Ar 
I 

X 2 



(4) 



I 

x 4 

(5) 



(^tfJ, Arte, Bifet>b<ritlig#l©^**6— 30©3ffi©^#|feK^*3(fSX 

tegm^b<«tegm^^^#:3-20(D3ffi<D^#^m^m^^b, r 

A 

B 

A B 

1 

2 3 
4 6 

2 6 

Mc^o *fc,x -x xtex -x m*5v»r, 2o^_ha^ny^j^-r?&ofc^ 

2 3 4 6 

[io] mm^^f^m^mir^ti^^tmK tie— ^(6)&t^/x«(7)-e 
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R A Af— X, (6) X 2 A^— X 3 (7) 



A 

2 3 

2 3 

^c^o *&.x -x tc*3v>-r, 2o^±^^Nn^vig^-e$>o7c^, js^-c 

2 3 

[in tusB— ^(i) M&wt, Ar^ N ^y^hH/n;, tfy^ww^ t°y^^>- 

hy^/^X«hyT^>-hy^/V*^fcSf»^JS7^gB«(D^-^W^hti/V^5/ir^ 

[12] mffB^IS^ (2) fC*5V vT, Ar' U>^, tf^^l^S, fc°y vVv^WS 

, t°y5^^^/V^X«hyT^^^/V^^fc§ff^^8^fBtt(D^^l/^hn/V 
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[15] mm^%m%^(Dm%m^, imb— ass^o) - (5) -et^^w^m© 

^^/Nri^V^^^*i-5ft^JllO^|B«(D^^W^ht2/V5^5/ir^^T- 

o 

[17] tffSE^M3^v5n^®*ms^ N mm^^y^-nmftttr (icp-ms^w) x 

^tb§^^<^lffi(D/Nn^V^#;(D/Na^^^W*^S^20ppm^!.T"efc ; 5 

[19] ^^bTcDji^ a^^tJ«ig^^>ny^5c^M*S^ % ^fi^fmm 
^^7Xv-flM (icp-ms^W ) XMM/tife^ £9#££;ivOfe5*f 

[20] ffrfa^P^^JStJCA^ig/^ lp P b-50ppm-trfe§ft^ill9^fBtt(DW#3i 
[21] ^M^^bT(D^#(D^Nn^V^®*«iS^30ppmWT-efe§ft5ic3Sl9^fE 

[22] (icp-ms^w) xtemmmfem^zmfetstixft 

[23] mmffi-&s*9^-MAtt%f (icp-ms^-w) xitmmmmmKxmm^tixtj: 
^mmtvx(D^m,3^mRxi&m(D^ti^>^mMmmm^$Ym^ipph 

[24] mmtmmm th^hmmm ^^nmm^mmw-^^x^m 
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